Stress is an inevitable part of life that can profoundly impact social and emotional functioning, 2 contributing to the development of psychiatric disease. One key component of emotion and social 3 processing is facial expressions, which humans can readily detect and react to even without 4 conscious awareness. Facial expressions have been the focus of philosophic and scientific interest for 5 centuries. Historically, facial expressions have been relegated to peripheral indices of fixed emotion 6 states. More recently, affective neuroscience has undergone a conceptual revolution, resulting in 7 novel interpretations of these muscle movements. Here, we review the role of facial expressions 8 according to the leading affective neuroscience theories, including constructed emotion and social-9 motivation accounts. We specifically highlight recent data (Mayo et al., 2018) demonstrating the way 10
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Introduction 20
Stress-and affect-related psychiatric disorders are often co-morbid, resulting in heterogeneous 21 psychiatric populations with similarly varied treatment needs 1, 2 . Understanding the interplay 22 between stress and affect in healthy humans can provide a benchmark for investigating the 23 dysregulation of these processes in mental illnesses, potentially pointing to novel therapeutics. The 24 behavioral and physiological components of the stress response have been well-studied 3 , but less is 25 known about the behavioral and physiological mechanisms of affect in humans 4 . This dearth of 26 knowledge has been recognized and addressed in the domain of affective neuroscience over the last 27 several years. In the course of the development of this discipline, prior conceptualizations of affect 28 have been brought to the forefront and criticized 5 , refined 6 , or replaced all together 7 . Our renewed 29 interest in emotional functioning in the context of the brain has reignited age-old debates over how, 30 or even if, affect can be studied in humans in a meaningful and reproducible way 8 . In both 31 experimental and clinical settings, researchers and clinicians often rely on self-reported assessments 32 of affective functioning. Self-report may not be as reliable as we think 9 , but what are the 33 alternatives? One potential candidate may be staring us in the face. 34
Facial expressions have captivated scientists and philosophers alike for centuries. From Darwin 10 , all 35 the way back to the physiognomists, or "face-readers", of ancient Egypt and Arabia (circa 340 B.C.) 11 , 36 facial expressions have elicited fascination and speculation. Modern research has shown that 37 humans are primed to recognize and react to facial expressions, at times even without explicit 38 awareness 12, 13 . Thus, the face serves as a powerful social communication tool. But what is it that 39 M A N U S C R I P T . This work served as the foundation for the predominant 73 neurocultural theory of facial expressions 21, 22 . Nearly ubiquitous in introductory psychology courses, 74 this essentialist view of emotion has guided decades of research 23 . According to the most notable 75 example of this view, formalized by Ekman as the Basic Emotion Theory (BET 23 ), facial expressions 76 convey fixed, generalizable emotion states. From this perspective, the emotion "anger" is displayed 77 by a prototypical anger face that includes furrowed brows and a scowl. Based on this formulation, 78 Ekman created FACS as a standardized method to score minute facial muscle movements indicative 79 of these proposed fixed emotion states 15 . This system has left a significant footprint not only in 80 academia, but also in industry and popular culture. FACS is used by software companies 16 , has been 81 capitalized on by marketing companies 24 , and even incorporated into popular media (e.g. the Fox 82 series "Lie to Me"). 83
A C C E P T E D
The ubiquity of this essentialist viewpoint is not confined to laypeople or novice psychology students. 84
Only a few years ago, a poll of prominent emotion scientists found that approximately 80% endorsed 85 the view that the face conveys universal signals of emotion 8 . The universality of facial expressions 86 has been promoted largely based on data suggesting that remote, small-scale societies with limited 87 exposure to Western cultural norms have, nonetheless, similar facial expressions and similar 88 interpretations of these expressions. The first wave of these studies took place decades ago and used 89 confirmation-based research methods designed to support universality 25, 26 . For instance, participants 90
were shown a picture of a posed emotion face and asked to label it using a limited number of 91 discrete emotion categories 25 . Even then, support was moderate, at best Moreover, evidence from studies assessing the neural and physiological correlates of facial 96 expressions fail to support the existence of distinct emotions categories 5, 30 . . Thus, objects and events have affective meaning to the extent that they can influence the 110 homeostatic (or "core affective") state of the individual. Our conscious representation of core affect 111 is thus experienced as feeling states described in terms of affective valence and arousal 34 . 112
Thinking in terms of core affect, as opposed to basic emotion states, modifies our interpretation of 113 facial expressions. Instead of basic emotion states such as "happy" or "sad", varying levels of valence 114 and arousal combine to produce affective states to which emotional category terms can be applied. 115
Thus, the term "happy" has been attributed to the state of high positive valence and moderate 116
arousal. This extends to the interpretation of facial expressions. For instance, activation of the 117 corrugator muscle to furrow the brow would signal an increase in negative-valenced affect, while 118 activation of the zygomatic muscle to pull up the corners of the mouth into a smile would conveyM A N U S C R I P T A C C E P T E D 39, 40 , particularly in the contexts of social influence and 134 communication [41] [42] [43] . One of the most well-developed of these motivation-communication views, the 135 behavioral ecology view of facial displays 44 , hypothesizes a role for facial expressions as tools to 136 communicate behavioral intentions or social motives, rather than express one's current affective 137 state. Accordingly, in a series of observational studies, it was found that athletes often do not smile 138 upon winning a given event, even though emotional valence and intensity are expected to be at 139 relative extremes [45] [46] [47] [48] . Instead, smiles were displayed by athletes upon turning to face an audience or 140 when otherwise engaged in a social interaction. . Similarly, a smile ( "happy" face) facilitates affiliative behavior, 146 while scrunching the nose ("disgust" face) signals a rejection of the current interaction trajectory 42 . In 147 agreement, new methods used to study small, indigenous societies suggest that facial expressions 148 are more associated with behaviors than with discrete emotions 29, 36 . Even in children less than a year 149 old, facial expressions appear to be motivated more by social context than subjective state . The ability to detect and respond to facial 176 expressions likely has profound impact on one's social capabilities. Across modalities, these efforts 177 are almost exclusively focused on the response of the perceiver, or the person who is trying to 178 decode the facial expression. However, social communication is a two-way street; it is not only 179 dependent upon one's ability to detect facial expressions, but also on the ability to express via the 180 face. Stress may influence traffic on this street heading in both directions; that is, stress may not only 181 influence one's ability to detect facial expressions, but may also influence the production of facial 182
expressions. 183
In contrast, few studies have asked how stress influences facial expressions of the expresser: the 184 individual being stressed who is sending out the signal that is to be perceived. This is a particularly 185 interesting scenario given that the face is a primary channel of social communication and may convey 186 subtle messages apart from more typical stress assessments, i.e. cortisol response, skin conductance, 187 or subjective self-report ratings. Moreover, several psychiatric disease states are associated with 188 dysregulation in the production of facial expressions 20 and Fig. 2A,B  230 Using the aforementioned stress and affect paradigm, we assessed how enhanced AEA influenced 231 stress and stress-induced facial muscle activity 20 (see Fig. 1 ; Fig. 2A,B) . We found that individuals 232 homozygous for the loss-of-function FAAH 385A allele, whom we confirmed to have elevated 233
peripheral AEA levels at baseline, are protected against stress-induced decreases in circulating AEA. 234
Peripheral AEA levels, at baseline or in response to stress, were not associated with any differences 235 in subjective or neuroendocrine stress response. Consequently, this allowed us to determine if thisM A N U S C R I P T
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11 stress-induced decrease in AEA influences facial muscle activity apart from any confounding factors 237 implicating differences in stress reactivity as assessed via common stress-related outcome measures 238 (e.g. neuroendocrine, autonomic). Put more simply, would retaining this "emotional buffer" indeed 239 buffer the negative affective consequences of stress? We found that stress produced an increase in 240 corrugator activity at rest (e.g. in the absence of any stimulus) in a gene-dose-dependent manner 241 (effect of genotype: F(2,69) = 4.83, p = 0.031, partial η 2 = 0.064), such that those with the lowest AEA 242 (C-allele homozygotes) show the greatest increase in resting corrugator activity (e.g. more 243
"frowning") following stress. When exposed to affective stimuli, those with stress-induced decreases 244 in AEA showed a net increase in corrugator reactivity in response to stimuli across all stimulus 245 categories (positive, neutral, and negative; F(2,138) = 3.75, p = 0.050, partial η 2 = 0.053). Perhaps 246 unexpectedly, individuals whose AEA levels were impervious to stress failed to show this increase, 247 and in fact demonstrate reduced corrugator activity specifically to negative stimuli following stress 248 (response to negative stimuli: F(2,69) = 4.53, p = 0.037, partial η 2 = 0.061). It is important to note that 249 we found no difference in self-reported ratings of image valence or arousal. Consequently, our 250 participants did not differ in how positively or negatively they perceived the images, but only differed 251 in their reactions to the images. Moreover, these effects were only apparent following the stress 252 task, as we did not see any effect of genotype on baseline EMG activity or self-report ratings (see 253 supplemental materials). 254
255
A straightforward interpretation of these findings is that elevated AEA, a putative emotional buffer 70 256 protects against stress-induced increases in negative affect as measured via corrugator activity. 257
When stress depletes this emotional buffer, we see increased corrugator activity, signaling increased 258 internal negative affect. However, for those whose AEA levels are unaffected by stress, we instead 259 see a reduction in negative affect. This could be a particularly advantageous response in the face of 260 environmental aversiveness: while our stimuli (e.g. pictures of snakes, spiders, etc.,) elicit an increase 261 in negative affect, these are rendered less affectively salient following the stressor. This finding is inM A N U S C R I P T
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line with accumulating neuroimaging evidence showing that this same variant is associated with 263 enhanced fronto-amygdala connectivity at rest and during emotion regulation, suggesting a greater 264 capacity for emotion regulation in individuals carrying this allele [75] [76] [77] . Together, these data suggest 265 that AEA functions as an emotional buffer, protecting against the negative effects of stress, including 266 enhanced negative affect demonstrated via enhanced corrugator reactivity. 267 268 Alternatively, our findings could be interpreted as an advantageous adaptation in social functioning 269 following stress. Recently, the eCB system has been implicated as an integral component in both 270 social anxiety and social reward, suggesting that modulation of the eCB system may bi-directionally 271 mediate social behavior 78 . In rodent models, elevations in AEA via FAAH inhibition are associated 272 with increased social interaction Consequently, in regards to the data at hand, a reduction in AEA following stress may mediate social 277 behaviors accordingly, promoting increased corrugator as signal to dissuade social approach. 278
Conversely, elevated AEA during stress may promote prosocial behavior, promoting reduced 279 corrugator as a signal to approach. Unfortunately, from these data alone, it is unclear whether AEA is 280 buffering stress-induced negative affect or influencing social behavior following stress. 281
282
To fight-or-flight or tend-and-befriend? 283
The canonical portrayal of the stress response is that of a "fight-or-flight" response, which includes 284 an array of physiological and behavioral responses meant to promote coping with a real or perceived 285 threat. This terminology accurately reflects the physiological characteristics of the stress response, 286 such as increased cortisol or heightened cardiovascular activity, but it is does not fully reflect the Fig. 2F ). Thus, our data suggest that men demonstrate greater corrugator reactivity followingM A N U S C R I P T
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stress as compared to women, and enhanced AEA is associated with reduced corrugator activity in 314 both genders. Current efforts are underway to replicate and extend this finding using pharmacology. 315
316
If corrugator activity is interpreted as a proxy of internal affect, our data suggest that women 317 experience less negative affect following stress. This may indeed be true, though we failed to find any 318 difference in stress response (e.g. cortisol response, skin conductance, cardiovascular activity) or self-319 reported affect. Alternatively, women may be demonstrating a prosocial behavioral profile akin to 320 the tend-and-befriend response, using facial expressions to elicit approach in an effort to soothe 321 social unease 
